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TITLE OF THE INVENTION 

Signal Processing Circuit of Image Input Apparatus 
BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a signal processing circuit of an image input 

apparatus that converts signals in predetermined units arranged in two dimensions, which 
are obtained usually by an image pickup device in the image input apparatus, such as 
digital still cameras. 
Description of the Background Art 
10 Conventionally, image photographed by a digital camera has been subjected to 

image processing such as rotation, reflection, and conversion of arrangement of color 
components. At that time, the photographed image data is read in a CPU contained in 
the digital camera, and the mentioned image processing is conducted in the CPU by 
software. 

15 Consider now a CPU that has a 32-bit register and thus expresses one pixel of 

an image data in units of one byte (8 bits) or the like. When this image data is subjected 
to the mentioned image processing by software, the processing unit of the CPU (32 bits) 
does not match the unit of pixels (8 bits). Therefore, after the image data is decomposed 
on a plurality of registers within the CPU, and then rotated, for example, a 32-bit data 

20 (hereinafter referred to as "word data") is reconfigured on the registers. That is, 24 
dummy bits are added to an 8-bit image data, to obtain a 32-bit image data. This image 
data is stored in memory or a storage medium, and then read in the CPU in order to 
conduct processing. After the processing is completed, the image data is returned to a 8- 
bit data for preservation. As a result, this processing requires many data conversion 

25 processing between a word data and a one-byte data, thereby increasing processing time. 
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SUMMARY OF THE INVENTION 

According to a first aspect of the invention, a signal processing circuit in an 
image input apparatus which stores, in storage units of a main memory, a unit image 
signal in predetermined units that is obtained by an image pickup device and arranged in 
5 two dimensions, the signal processing circuit reading and processing the unit image signal 
stored in the main memory, and the signal processing circuit comprises first and second 
storage means provided with a plurality of storage regions of the same number of bits as 
the unit image signal, wherein: the storage regions of the first storage means and the 
storage regions of the second storage means are connected one another, such that an array 

10 of the unit image signal stored in the main memory is stored in the storage regions of the 
second storage means in a state of being rotated 90 degrees clockwise, alternatively, 90 
degrees counterclockwise, through proceeding that the unit image signal stored in the 
main memory is transferred and stored in the storage regions of the first storage means, 
and then the unit image signal stored in the storage regions of the first storage means is 

15 transferred and stored in the storage regions of the second storage means. 

According to a second aspect, a signal processing circuit of an image input 
apparatus comprises first and second storage means provided with a plurality of storage 
regions of the same number of bits as a unit image signal in predetermined units that is 
obtained by an image pickup device in the image input apparatus and arranged in two 

20 dimensions, wherein the storage regions of the first storage means and the storage regions 
of the second storage means are directly connected one another by a predetermined 
connecting line, such that an array of the unit image signal stored in the storage regions of 
the first storage means is reflected about a centerline of the array, to be stored in the 
storage regions of the second storage means. 

25 According to a third aspect, a signal processing circuit of an image input 
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apparatus comprises first and second register groups provided with a plurality of storage 
regions of the same number of bits as a unit image signal in predetermined units that is 
obtained by an image pickup device in the image input apparatus and arranged in two 
dimensions, the first and second register groups having first to fourth registers, 
5 respectively, the first to fourth registers having zero-th to third storage regions, 
respectively, wherein: the zero-th storage regions of the first to fourth registers of the first 
register group are connected directly, by a predetermined connecting line, to the zero-th to 
third storage regions of the fourth register of the second register group; the first storage 
regions of the first to fourth registers of the first register group are connected directly, by 

10 a predetermined connecting line, to the zero-th to third storage regions of the third 
register of the second register group; the second storage regions of the first to fourth 
registers of the first register group are connected directly, by a predetermined connecting 
line, to the zero-th to third storage regions of the second register of the second register 
group; and the third storage regions of the first to fourth registers of the first register 

15 group are connected directly, by a predetermined connecting line, to the zero-th to third 
storage regions of the first register of the second register group. 

According to a fourth aspect, the signal processing circuit of an image input 
apparatus of the third aspect further comprises a third register group having the first to 
fourth registers which are respectively provided with the zero-th to third storage regions 

20 of the same number of bits as a unit image signal in predetermined units arranged in two 
dimensions, wherein: the zero-th to third storage regions of the first register of the second 
register group are connected directly, by a predetermined connecting line, to the third to 
zero-th storage regions of the first register of the third register group, respectively; the 
zero-th to third storage regions of the second register of the second register group are 

25 connected directly, by a predetermined connecting line, to the third to zero-th storage 
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regions of the second register of the third register group, respectively; the zero-th to third 
storage regions of the third register of the second register group are connected directly, by 
a predetermined connecting line, to the third to zero-th storage regions of the third 
register of the third register group, respectively; and the zero-th to third storage regions of 
5 the fourth register of the second register group are connected directly, by a predetermined 
connecting line, to the third to zero-th storage regions of the fourth register of the third 
register group, respectively. 

According to a fifth aspect, a signal processing circuit of an image input 
apparatus comprises second and third register groups provided with a plurality of storage 

10 regions of the same number of bits as a unit image signal in predetermined units that is 
obtained by an image pickup device in the image input apparatus and arranged in two 
dimensions, the second and third register groups having first to fourth registers, the first 
to fourth registers having zero-th to third storage regions, wherein: the zero-th to third 
storage regions of the first register of the second register group are connected directly, by 

15 a predetermined connecting line, to the third to zero-th storage regions of the first register 
of the third register group, respectively; the zero-th to third storage regions of the second 
register of the second register group are connected directly, by a predetermined 
connecting line, to the third to zero-th storage regions of the second register of the third 
register group, respectively; the zero-th to third storage regions of the third register of the 

20 second register group are connected directly, by a predetermined connecting line, to the 
third to zero-th storage regions of the third register of the third register group, 
respectively; and the zero-th to third storage regions of the fourth register of the second 
register group are connected directly, by a predetermined connecting line, to the third to 
zero-th storage regions of the fourth register of the third register group, respectively. 

25 According to a sixth aspect, a signal processing circuit of an image input 
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apparatus comprises first and second storage means provided with a plurality of storage 
regions of the same number of bits as a unit image signal in predetermined units that is 
obtained by an image pickup device in the image input apparatus and arranged in two 
dimensions, wherein: the unit image signal is one of a plurality of components forming a 
5 predetermined unit of arrangement of color components; and the storage regions of the 
first storage means and the storage regions of the second storage means are directly 
connected one another by a predetermined connecting line, such that an array of the unit 
image signal stored in the storage regions of the first storage means is stored in the 
storage regions of the second storage means, along with a rotation conversion in which an 

10 array of the unit image signal stored in the storage regions of the first storage means is 
rotated 90 degrees clockwise, alternatively, 90 degrees counterclockwise, while 
maintaining the unit of arrangement of color components. 

According to a seventh aspect, the signal processing circuit of an image input 
apparatus of the sixth aspect has the feature that: the rotation conversion is to perform 

15 only a clockwise 90 degrees rotation; the unit of arrangement of color components is 
composed of one brightness component and two color components of which frequency in 
the horizontal or vertical allocation is one-half the frequency in the horizontal or vertical 
allocation of the brightness component, a first register group is provided as the first 
storage means; and a second register group is provided as the second storage means, each 

20 of the first and second register groups having first and second registers, each of the first 
and second registers having zero-th to third storage regions storing the brightness 
component and the two color components, and wherein: zero-th storage region of the first 
register of the first register group is connected directly, by a predetermined connecting 
line, to the zero-th storage region of the second register of the second register group; the 

25 second storage region of the first register of the first register group is connected directly, 
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by a predetermined connecting line, to the zero-th storage region of the first register of the 
second register group; the zero-th storage region of the second register of the first register 
group is connected direclly, by a predetermined connecting line, to the second storage 
region of the second register of the second register group; the first storage region of the 
5 second register of the first register group is connected directly, by a predetermined 
connecting line, to the first storage region of the first register of the second register group 
and to the first storage region of the second register of the second register group; the 
second storage region of the second register of the first register group is connected 
directly, by a predetermined connecting line, to the second storage region of the first 

10 register of the second register group; and the third storage region of the second register of 
the first register group is connected directly, by a predetermined connecting line, to the 
third storage region of the first register of the second register group and to the third 
storage region of the second register of the second register group. 

According to an eighth aspect, the signal processing circuit of an image input 

15 apparatus of the sixth aspect has the feature that: the rotation conversion is to perform 
only a counterclockwise 90 degrees rotation; the unit of arrangement of color components 
is composed of one brightness component and two color components of which frequency 
in the horizontal or vertical allocation is one-half the frequency in the horizontal or 
vertical allocation of the brightness component; and first register group is provided as the 

20 first storage means, and second register group is provided as the second storage means, 
each of the first and second register groups having first and second registers, each of the 
first and second registers having zero-th to third storage regions storing the brightness 
component and the two color component, and wherein: the zero-th storage region of the 
first register of the first register group is connected directly, by a predetermined 

25 connecting line, to the second storage region of the first register of the second register 



7 

group; the second storage region of the first register of the first register group is 
connected directly, by a predetermined connecting line, to the second storage region of 
the second register of the second register group; the zero-th storage region of the second 
register of the first register group is connected directly, by a predetermined connecting 
5 line, to the zero-th storage region of the first register of the second register group; the first 
storage region of the second register of the first register group is connected directly, by a 
predetermined connecting line, to the first storage region of the first register of the second 
register group and to the first storage region of the second register of the second register 
group; the second storage region of the second register of the first register group is 
10 connected directly, by a predetermined connecting line, to the zero-th storage region of 
the second register of the second register group; and the third storage region of the second 
register of the first register group is connected directly, by a predetermined connecting 
line, to the third storage region of the first register of the second register group and to the 
third storage region of the second register of the second register group. 
15 According to a ninth aspect, a signal processing circuit of an image input 

apparatus comprises storage means provided with a plurality of storage regions of the 
same number of bits as a unit image signal in predetermined units that is obtained by an 
image pickup device in the image input apparatus and arranged in two dimensions, the 
unit image signal being one of a plurality of components forming a predetermined unit of 
20 arrangement of color components, and clockwise rotation means with which, in response 
to input of a predetermined clockwise rotation instruction signal, an array of a unit image 
signal that is stored in the storage regions of the storage means is rotated 90 degrees 
clockwise, while maintaining the unit of arrangement of color components, and then 
stored in the storage regions of the storage means. 
25 According to a tenth aspect, the signal processing circuit of an image input 
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apparatus of the ninth aspect has the feature that: the unit of arrangement of color 
components is composed of one brightness component and two color components of 
which frequency in the horizontal or vertical allocation is one-half the frequency in the 
horizontal or vertical allocation of the brightness component; and a register group is 
5 provided as the storage means, the register group having first and second registers, each 
of the first and second registers having zero-th to third storage regions storing the 
brightness component and the two color components; and wherein: in response to input of 
the clockwise rotation instruction signal, with the clockwise rotation means, a unit image 
signal in the zero-th storage region of the first register is stored in the zero-th storage 
10 region of the second register; a unit image signal in the second storage region of the first 
register is stored in the zero-th storage region of the first register; a unit image signal in 
the zero-th storage region of the second register is stored in the second storage region of 
the second register; a unit image signal in the first storage region of the second register is 
stored in the first storage region of the first register and the first storage region of the 
15 second register; a unit image signal in the second storage region of the second register is 
stored in the second storage region of the first register; and a unit image signal in the third 
storage region of the second register is stored in the third storage region of the first 
register and the third storage region of the second register. 

According to an eleventh aspect, a signal processing circuit of an image input 
20 apparatus comprises: storage means provided with a plurality of storage regions of the 
same number of bits as a unit image signal in predetermined units that is obtained by an 
image pickup device in the image input apparatus and arranged in two dimensions, 
wherein the unit image signal is one of a plurality of components forming a 
predetermined unit of arrangement of color components, and counterclockwise rotation 
25 means with which, in response to input of a predetermined counterclockwise rotation 
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instruction signal, an array of a unit image signal that is stored in the storage regions of 
the storage means is rotated 90 degrees counterclockwise, while maintaining the unit of 
arrangement of color components, and then stored in the storage regions of the storage 
means. 

5 According to a twelfth aspect, the signal processing circuit of an image input 

apparatus of the eleventh aspect has the feature that: the unit of arrangement of color 
components is composed of one brightness component and two color components of 
which frequency in the horizontal or vertical allocation is one-half the frequency in the 
horizontal or vertical allocation of the brightness component; and a register group is 

10 provided as the storage means, the register group having the first and second registers, 
each of the first and second registers having the zero-th to third storage regions storing 
the brightness component and the two color components, and wherein: in response to 
input of the counterclockwise rotation instruction signal, with the counterclockwise 
rotation means, a unit image signal in the zero-th storage region of the first register is 

15 stored in the second storage region of the first register; a unit image signal in the second 
storage region of the first register is stored in the second storage region of the second 
register; a unit image signal in the zero-th storage region of the second register is stored in 
the zero-th storage region of the first register; a unit image signal in the first storage 
region of the second register is stored in the first storage region of the first register and 

20 the first storage region of the second register; a unit image signal in the second storage 
region of the second register is stored in the zero-th storage region of the second register; 
and a unit image signal in the third storage region of the second register is stored in the 
third storage region of the first register and the third storage region of the second register. 

According to a thirteenth aspect, a signal processing circuit of an image input 

25 apparatus comprises first and second storage means provided with a plurality of storage 
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regions of the same number of bits as a unit image signal in predetermined units that is 
obtained by an image pickup device in the image input apparatus and arranged in two 
dimensions, wherein: the unit image signal is one of a plurality of components forming a 
predetermined unit of arrangement of color components; and the storage regions of the 
5 first storage means and the storage regions of the second storage means are directly 
connected one another by a predetermined connecting line, such that each of unit image 
signals stored in the storage regions in order to form a first unit of arrangement of color 
components in the first storage means, is converted to a second unit of arrangement of 
color components, and then stored in the storage regions of the second storage means. 

10 According to a fourteenth aspect, the signal processing circuit of an image input 

apparatus of the thirteenth aspect has the feature that: the first and second unit of 
arrangement of color components are composed of one brightness component and two 
color components of which frequency in the horizontal or vertical allocation is one-half 
the frequency in the horizontal or vertical allocation of the brightness component; and a 

15 first register is provided as the first storage means; and a second register is provided as 
the second storage means, each of the first and second registers having the zero-th to third 
storage regions storing the brightness component and the two color components; and 
wherein: zero-th storage region of first register is connected directly to the zero-th storage 
region of the second register by a predetermined connecting line; the first storage region 

20 of the first register is connected directly to the second storage region of the second 
register by a predetermined connecting line; the second storage region of the first register 
is connected directly to the first storage region of the second register by a predetermined 
connecting line; and the: third storage region of the first register is connected directly to 
the third storage region of the second register by a predetermined connecting line. 

25 With the first aspect, because image rotation processing can be conducted 
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without converting the data length of a unit image signal, the step of converting the data 
length and a data transfer therefor are not required, thus enabling to perform processing at 
a high speed and a low power consumption. 

With the second aspect, image reflection processing can be conducted without 
5 converting the data length of a unit image signal, thereby enabling to perform processing 
at a high speed and a low power consumption. 

With the third aspect, processing of rotating 90 degrees clockwise can be 
conducted at a high speed, by inputting a unit image signal that is arranged in two 
dimensions and stored in the main memory, to the second register group such as to be 
10 reflected vertically with respect to the arrangement, and transferring it to the first register 
group. Thereby, the step of converting the data length is not required, thus enabling to 
perform the processing of rotating 90 degrees clockwise, at a high speed and a low power 
consumption. 

With the fourth aspect, by transferring an image signal from the third register 
15 group to the second register group, processing of rotating 90 degrees counterclockwise 
can be conducted at a hi gh speed and a low power consumption, without converting the 
data length of a unit image signal. In addition, by transferring an image signal from the 
second register group to the first register group, there is no need to convert the data length 
of a unit image signal, and thus reflection processing made for input to the third register 
20 group can be conducted at a high speed and a low power consumption. 

With the fifth aspect, by transferring an image signal inputted to the third 
register group, to the second register group, there is no need to convert the data length of 
a unit image signal, and thus reflection processing can be conducted at a high speed and a 
low power consumption. 
25 With the sixth or seventh aspect, even for image having a unit of arrangement 
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of color components, it is unnecessary to convert the data length of a unit image signal. 
This enables to conduct processing of rotating 90 degrees clockwise, or 90 degrees 
counterclockwise, at a high speed and a low power consumption. 

With the seventh aspect, even when an image signal of which unit of 
5 arrangement of color components is composed of one brightness component and two 
color components of which frequency in the horizontal or vertical allocation is one-half 
that of the brightness component (for example, in a video data in a format of " YCbYCr"), 
there is no need to convert the data length of a unit image signal. It is therefore possible 
to conduct processing of rotating 90 degrees clockwise, at a high speed and a low power 
10 consumption. 

With the eighth aspect, even when an image signal of which unit of 
arrangement of color components is composed of one brightness component and two 
color components of which frequency in the horizontal or vertical allocation is one-half 
that of the brightness component (for example, in a video data in a format of "YCbYCr"), 

15 it is possible to conduct processing of rotating 90 degrees counterclockwise, at a high 
speed and a low power consumption. 

With the ninth or tenth aspect, there is no need to convert the data length of a 
unit image signal, thus enabling to conduct processing of rotating 90 degrees clockwise, 
at a high speed and a low power consumption. In addition, because an image signal of a 

20 storage means is rotated 90 degrees clockwise, and then returned to this storage means, 
there is no need to provide a plurality of storage means, resulting in an inexpensive 
circuit. 

With the eleventh or twelfth aspect, there is no need to convert the data length 
of a unit image signal, thus enabling to conduct processing of rotating 90 degrees 
25 counterclockwise, at a high speed and a low power consumption. In addition, because 
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an image signal of a storage means is rotated 90 degrees counterclockwise, and then 
returned to this storage means, there is no need to provide a plurality of storage means, 
resulting in an inexpensive circuit. 

With the thirteenth or fourteenth aspect, there is no need to convert the data 
5 length of a unit image sig,nal, thus enabling to conduct conversion of arrangement of color 
components, at a high speed and a low power consumption. 

An object of the present invention is to overcome the foregoing problem in the 
conventional technique by providing an image processing circuit of an image input 
apparatus that can perform high-speed image processing, such as rotation, reflection, and 
10 conversion of arrangement of color components. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
15 Fig. 1 is a diagram of a digital still camera according to one preferred 

embodiment of the present invention; 

Fig. 2 is a diagram illustrating register groups of a coprocessor and a connection 
between registers in their respective register groups, according to a first preferred 
embodiment; 

20 Figs. 3(A) to 3(F) are diagrams illustrating a rotation processing in the 

coprocessor of the first preferred embodiment; 

Figs. 4(A) to 4(C) are diagrams illustrating a reflection processing in the 
coprocessor of the first preferred embodiment; 

Figs. 5(A) and 5(B) are diagrams illustrating a state that a color data is 
25 compounded or separated in the first preferred embodiment; 
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Fig. 6 is a diagram illustrating register groups of a coprocessor and a connection 
between registers in their respective register groups, according to a second preferred 
embodiment; 

Fig. 7 is a diagram illustrating a clockwise rotation processing by the 
coprocessor of the second preferred embodiment; 

Fig. 8 is a diagram illustrating register groups of a coprocessor and a connection 
between registers in their respective register groups, according to a third preferred 
embodiment; 

Fig. 9 is a diagram illustrating a counterclockwise rotation processing by the 
coprocessor of the third preferred embodiment; 

Fig. 10 is a diagram illustrating schematically register groups of a coprocessor 
and a connection relationship between registers in their respective register groups, 
according to a fourth preferred embodiment; 

Fig. 11 is a diagram illustrating a clockwise rotation processing by the 
coprocessor of the fourth preferred embodiment; 

Fig. 12 is a diagram illustrating schematically register groups of a coprocessor 
and a connection relationship between registers in their respective register groups, 
according to a fifth preferred embodiment; 

Fig. 13 is a diagram illustrating a counterclockwise rotation processing by the 
coprocessor of the fifth preferred embodiment; and 

Fig. 14 is a diagram illustrating schematically register groups of a coprocessor 
and a connection between registers in their respective register groups, according to a sixth 
preferred embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will now be described with 
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reference to the accompanying drawings. 
First Preferred Embodiment 

Fig. 1 is a diagram of a digital still camera according to one preferred 
embodiment of the present invention. In the digital still camera, as shown in Fig. 1, the 
5 image photographed by a CCD (image pickup device) 21 is read by an analog signal 
processing circuit 22 for analog-digital conversion. To the digitized image, a 
predetermined general image processing, such as pixel interpolation, color transformation, 
contour intensification, filtering and pixel skipping, is performed by real time processing 
at high speed in a real, time processing unit (RPU) 23, and an exceptional image 

10 processing including rotation, reflection, conversion of arrangement of color components 
and JPEG compression, is executed by a CPU (central processing unit) 24 and a 
coprocessor 25 corresponding to a signal processing circuit of the present invention. 
The obtained image is outputted to a predetermined processor (personal computer, etc.) 
via an external interface (I/F) 26, and also displayed on a LCD 27 as a finder, through a 

15 display drive circuit 27a. Alternatively, it is stored in a general main memory 29, such 
as a DRAM, SDRAM, etc. At this time, the image display on the finder (LCD27) is 
executed in such a manner that, for supplying image to the finder (LCD 27), a 
predetermined processing such as a slight resolution reduction is performed by the real 
time processing unit 23, and image is outputted one after another. When the operator 

20 pushes a shutter release button, etc. (not shown) on an operation part 28, a detailed image 
residing in the main memory 29 is stored at a stroke in storage media, e.g., a memory card 
30. 

As to image provided through the analog signal processing circuit 22, when a 
real time processing is executed, the intermediate pixel array data is not stored in the 
25 main memory 29 but directly processed by the RPU 23. On the other hand, when no real 



time processing is executed, based on various image processing instructions (a clockwise 
rotation instruction and counterclockwise rotation instruction to be described later) which 
are given by the operator through the operation part 28, the mentioned rotation, reflection, 
conversion of arrangement of color components, and JPEG compression processing are 
5 conducted by the CPU 24 and coprocessor 25, and the resulting data is temporarily stored, 
as a pixel array data, in a CCD data buffer (not shown) of the main memory 29. The 
pixel array data is inputted to the real time processing unit 23 by direct memory access 
(DMA), to achieve a high speed processing. Herein, the CPU 24 contains a 32-bit 
length register and performs a data processing in 32-bit (one word) units. Of the 

10 mentioned processing not to be made in real time, rotation, reflection, and conversion of 
arrangement of color components processing are not conducted in the CPU 24 by 
software, but they are conducted by the coprocessor 25 that is provided with a circuit for 
these processing (described in detail later), at a high speed and a low power consumption. 

The real time processing unit 23, CPU 24, external interface 26 are connected 

15 to a main bus MB, together with the main memory 29, memory card 30 and JPEG 
processing part 31. In order to reduce the load on the CPU 24 upon data interchange 
among these elements, data interchange via the main bus MB is made between the 
respective elements under control of a direct memory access (DMA) controller 32, not 
through the CPU 24. 

20 In Fig. 1, there; are shown an optical mechanism 30a that has a lens with auto 

focus function, an aperture device, etc.; strobe 30b, CCD drive circuit 30c driving the 
CCD 21; timing generator (TG) 30d that regulates operation timing of the real time 
processing unit 23 and CCD drive circuit 30c; and PLL oscillator circuit 30e. 

Description will now be made of a coprocessor 25 that is a major part of the 

25 invention. Fig. 2 is a diagram illustrating register groups of a coprocessor 25 and a 
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connection between registers in their respective register groups. As shown in Fig. 2, the 
coprocessor 25 has register groups RG1 to RG3 that correspond to storage means of the 
invention. Each register group has four registers corresponding to storage elements. 
That is, each of the register groups RG1 to RG3 has registers Rl to R4. Each of the 
5 registers Rl to R4 is a register of 32 bits, namely, one-word (four bytes). 

In this digital still camera, an image data in pixel units is a monochromatic 
gradation signal expressed by eight bits (one byte). In each register, each of the zero-th 
byte BO to the third byte B3 reads eight bits (one byte). Assuming that the bits of the 
registers are called the zero-th bit to the 31st bit, the zero-th to 7th bits, the 8th to 15th 

10 bits, the 16th to 23rd bits, and the 24th to 31st bits, are called the zero-th byte BO, first 
byte Bl, second byte B2 ( and third byte B3, respectively. An image data is read in one- 
pixel units (corresponding to a unit image signal in the invention) per byte. That is, in 
each of the registers Rl 1o R4 of the register groups RG1 to RG3, each pixel's image data 
is stored in a region that has the same number of bits as an image data of one pixel, as a 

15 unit. 

The registers Rl to R4 of the respective register groups RG1 to RG3 are 
directly and electrically connected to the CPU 24, in order to read an image data from the 
CPU 24, alternatively, output an image data to the CPU 24. Thereby, each of the bytes 
BO to B3 of the registers Rl to R4 in the register groups RG1 to RG3, is connected 

20 indirectly to the main memory 29 through the CPU 24. 

The zero-th byte BO to the third bytes B3 of the registers Rl to R4 between the 
register groups RG1 and RG2, and between the register groups RG2 and RG3, are 
directly and electrically connected one another, by a predetermined connecting line, as 
described below. Specifically, the zero-th bytes BO of all the registers of the register 

25 group RG1 are connected to the zero-th byte BO to third byte B3 of the register R4 of the 
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register group RG2; the first byte Bis of all the registers of the register group RG1 are 
connected to the zero-th byte BO to third byte B3 of the register R3 of the register group 
RG2; the second bytes B2 of all the registers of the register group RG1 are connected to 
the zero-th byte BO to third byte B3 of the register R2 of the register group RG2; and the 
5 third bytes B3 of all the registers of the register group RG1 are connected to the zero-th 
byte BO to third byte B3 of the register Rl of the register group RG2. The zero-th byte 
BO to third byte B3 of the register Rl of the register group RG2 are respectively 
connected to the third byte B3 to zero-th byte BO of the register Rl of the register group 
RG3; the zero-th byte BO' to third byte B3 of the register R2 of the register group RG2 are 

10 respectively connected to the third byte B3 to zero-th byte BO of the register R2 of the 
register group RG3; the zero-th byte BO to third byte B3 of the register R3 of the register 
group RG2 are respectively connected to the third byte B3 to zero-th byte BO of the 
register R3 of the register group RG3; and the zero-th byte BO to third byte B3 of the 
register R4 of the register group RG2 are respectively connected to the third byte B3 to 

15 zero-th byte BO of the register R4 of the register group RG3. 

The respective; register groups are connected in this manner, therefore, by 
transferring an image data between the register groups as illustrated below, an image 
processing such as a clockwise 90 degrees rotation, a counterclockwise 90 degrees 
rotation, or reflection in the right-to the left direction (horizontal direction), with respect 

20 to image, can be conducted at a high speed. 

Figs. 3(A) to 3(F) are diagrams illustrating a rotational processing by a 
coprocessor 25 according to a first preferred embodiment, in which Figs. 3(A) to 3(C) 
illustrate a clockwise 90 degrees rotation, and Figs. 3(D) to 3(F) illustrate a 
counterclockwise 90 degrees rotation. Firstly, a 4-word image data stored in a main 

25 memory 29, as shown in Fig. 3(A), is read in a register group RG2 through a CPU 24, as 
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shown in Fig. 3(B). That is, although bytes BO to B3 of registers Rl to R4 of the 
register group RG2 are not illustrated, they are connected to the main memory 29, 
through the CPU 24, so that an image data is reflected vertically. Then, the image data 
of the register group RG2 is transferred to a register group RG1 as shown in Fig. 3(C). 
5 A comparison of Fig. 3(A) with 3(C) indicates that the 4-word image data is rotated 90 
degrees clockwise. Thus, when an image data is outputted from the register group RG1, 
an image data rotated 90 degrees clockwise can be obtained. 

Similarly, a 4-word image data stored in the main memory 29 as shown in Fig. 
3(D), is read in a register group RG3 through the CPU 24, as shown in Fig. 3(E), and then 

10 transferred to the register group RG1 through the register group RG2, resulting in such an 
array as shown in Fig. 3(F). A comparison of Fig. 3(E) with 3(F) indicates that the 4- 
word image data is rotated 90 degrees counterclockwise. Thus, when an image data is 
outputted from the register group RG1, an image data rotated 90 degrees 
counterclockwise can be obtained. 

15 Figs. 4(A) to 4(C) are diagrams illustrating a reflection processing by a 

coprocessor 25 according to the first preferred embodiment. Firstly, a 4-word image 
data stored in a main memory 29 as shown in Fig. 4(A), is read in a register group RG3 as 
shown in Fig. 4(B), and then transferred to a register group RG2 as shown in Fig. 4(C). 
A comparison of Fig. 4(A) with 4(C) indicates that the 4-word image data is reflected 

20 horizontally (symmetrically) about a vertical centerline CL (i.e., the line extending 
through between a first byte Bl and second byte B2 of each register). Thus, when an 
image data is outputted from the register group RG2, an image data reflected horizontally 
(symmetrically) can be obtained. 

As apparent from Fig. 2, a single connecting line extends from each byte of the 

25 registers of the register groups. That is, each byte of one register of one register group is 
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connected to any byte of any one register of other register group by a connecting line, 
resulting in one-to-one correspondence. This permits a bi-directional image data 
transfer between any two register groups of the register groups RG1 to RG3. It is 
therefore possible to perform transfer from the register group RG2 to the register group 
5 RG1, transfer from the register group RG3 to the register group RG2, and further, transfer 
from the register group RG3 to the register group RG1, through the register group RG2. 
This permits the reverse conversions of the mentioned respective conversions, that is, a 
counterclockwise 90 degrees rotation by transfer from the register group RG2 to the 
register group RG1; reflection about the centerline CL by transfer from the register group 

10 RG2 to the register group RG3; and a clockwise 90 degrees rotation by transfer from the 
register group RG3 to the; register group RG1, through the register group RG2. 

Processing of a vertical refection, that is, reflection horizontally (symmetrically) 
about a horizontal straight line in image that is located between a register R2 and R3 of 
each register group RG1 through RG3, is realized in the CPU 24 by software, because 

15 there is no great difference in speed from the case of realizing with a circuit configuration. 
This reflection processing can also be realized easily by electrically connecting two 
register groups by a predetermined connecting line and transferring an image data 
therebetween. 

Additionally, in the coprocessor 25, an image data having multiple components 
20 forming a color grouped in pixel units can be converted to an image data in which an 
image data of multiple pixels is compounded in component units, on the contrary, a 
compounded image data can be separated into an image data in pixel units having 
multiple components. 

Figs. 5(A) and 5(B) are diagrams illustrating a state that a color data is 
25 compounded or separated, according to the first preferred embodiment. Specifically, 
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there are shown that a color data is compounded or separated in order to convert a data 
format between a compound pixel data in which two pixels are expressed in 32 bits, and a 
32-bit image data per component in a unit of arrangement of color components (described 
later) of the compound pixel data. The compound pixel data handled herein is a 32-bit 
5 color image data expressing two pixels as a unit, and has a unit of arrangement of color 
components that is an array serving as a unit of multiple components of a group 
expressing a color. The unit of arrangement of color components is composed of one 
brightness component (Y component) and two color components of which frequency in 
the horizontal or vertical allocation is one-half that of the brightness component (i.e., the 

10 number of data is half). In the first preferred embodiment, there is used a unit pixel data 
in a format in which each component is arranged vertically, and a 32-bit compound pixel 
data is formed by adding two pixels of an 8-bit Y component as an image data expressing 
two pixels, an 8-bit Cy component (a color-difference signal obtained by subtracting the 
brightness component from a blue component), and an 8-bit Cb component (a color- 

15 difference signal obtained by subtracting the brightness component from a red 
component), which are common to the two pixels of Y component. This compound 
image data is then converted to a 32-bit image data that is grouped per component. 

In the above processing of compounding or separating components forming a 
color, the compound pixel data is stored in the respective registers Rl to R4 of the 

20 register groups RG2 and RG1. That is, in the registers Rl to R4 of the register groups 
RG1 and RG2, each component data is stored in storage regions (the zero-th to third 
bytes) having the same number of bits as a one-component image data (Y, Cb or Cr 
component in this example), which serves as a unit corresponding to a unit image signal 
of the invention. 

25 As shown in Fig. 5(A), an image data of the respective components of Y, Cb, Y 
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and Cr is read in registers Rl to R4 of a register group RG2, and then transferred to a 
register group RG1, thereby an image data compounded in pixel units is generated in the 
registers Rl to R4 of the register group RG1, respectively. On the contrary, an image 
data in units of two pixels having the respective components of Y, Cb, Y and Cr, is read 
in registers Rl to R4 of a register group RG2, and then transferred to the register group 
RG1, thereby an image data composed of four pixels that are separated into the 
components of Y, Cb, Y and Cr, respectively, is generated in the registers Rl to R4 of the 
register group RG1. This shows that compounding or separation of a color data is 
executable by employing the functions of a clockwise 90 degrees rotation, and a 
counterclockwise 90 degrees rotation, as mentioned earlier. 

Since the above conversion processing by the coprocessor 25 is reversible as 
previously described, it is possible to separate or compound components forming a color 
of an image data, even when such an image data as mentioned is conversely read in the 
register group RG1, and then transferred to the register group RG2. 

As stated in the foregoing, the first preferred embodiment is characterized in 
that, in the register groups RG1 to RG3, storage regions having the same number of bits 
(one byte) as an image data serving as a unit, that is, the bytes of the registers Rl to R4, 
are directly connected one another in the mentioned connection relationship. Thereby, a 
clockwise 90 degrees rotation, a counterclockwise 90 degrees rotation, reflection 
horizontally (symmetrically) about a centerline, and compounding or separation of 
components of a color image data, can be conducted by transfer of an image data among 
the register groups RG1 to RG3. When such processing is conducted in the CPU 24 by 
software, an image data as a unit is required to be converted from an 8-bit to a 32-bit data. 
Whereas in the first preferred embodiment, there is no need to covert the data length of an 
image data as a unit, thereby the step of converting the data length and a data transfer 
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therefor are not required. This enables to conduct the processing at a high speed and a 
low power consumption. 

Serrmri Preferred Rmbodiment 

A second preferred embodiment has the same configuration as the first 
preferred embodiment shown in Fig. 1, except for a coprocessor 25. In the coprocessor 
25, an image data provided from a CPU 24 is rotated 90 degrees clockwise. The 
construction and processing of the coprocessor 25 will be described as below. 

Fig. 6 is a diagram illustrating register groups of a coprocessor 25 and a 
connection between registers in these register groups. The coprocessor of the second 
preferred embodiment has register groups RG4 and RG5, each having four 32-bit 
registers similar to the register groups RG1 to RG3 of the first preferred embodiment. 
In the second preferred embodiment, registers Rl, R2 and registers R3, R4 in the register 
groups RG4 and RG5, have totally the same connection relationship, and therefore, only 
the registers Rl and R2 Eire illustrated as a representative. 

In the second preferred embodiment, a compound pixel data (a video data) in 
which two pixels are expressed in 32 bits (for example, in arrangement of color 
components of "YCbYCr," each component is expressed in eight bits) is stored in 
registers Rl to R4 of register groups RG4 and RG5. A compound pixel data handled 
herein is the same as that in the first preferred embodiment. In the respective registers 
Rl to R4 of the register groups RG4 and RG5, each component data is stored in storage 
regions (the zero-th to third bytes) which have the same number of bits as a one- 
component image data serving as a unit corresponding to a unit image signal of the 
invention (in the above example, Y, Cb or Cr component). 

The respective bytes of the registers Rl and R2 (R3 and R4) of the register 
groups RG4 and RG5 are directly and electrically connected one another by a 
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predetermined connecting line. Specifically, the zero-th byte BO of the register Rl of 
the register group RG4 is connected to the zero-th byte BO of the register R2 of the 
register group RG5; the second byte B2 of the register Rl of the register group RG4 is 
connected to the zero-th byte BO of the register Rl of the register group RG5; the zero-th 
5 byte BO of the register R2, of the register group RG4 is connected to the second byte B2 of 
the register R2 of the register group RG5; the first byte Bl of the register R2 of the 
register group RG4 is connected to the first byte Bl of the register Rl of the register 
group RG5 and to the first byte Bl of the register R2 of the register group RG5; the 
second byte B2 of the register R2 of the register group RG4 is connected to the second 

10 byte B2 of the register Rl of the register group RG5; and the third byte B3 of the register 
R2 of the register group RG4 is connected to the third byte B3 of the register Rl of the 
register group RG5 and to the third byte B3 of the register R2 of the register group RG5. 

Fig. 7 is a diagram illustrating a clockwise rotation processing by a coprocessor 
25, in the second preferred embodiment. The fact that registers Rl and R2, and the 

15 registers R3 and R4, are connected in the same fashion as described, means that a 
clockwise 90 degrees rotation with respect to four pixels that are expressed in two 
registers, namely, a video data in 16-bit units, is conducted in parallel with respect to 
eight pixels. Accordingly, description will be made of rotation in the registers R3 and 
R4 as a representative. In Fig. 7, the symbol given in each byte of the registers 

20 designates one of the components (Y, Cb, Y and Cr components), and the following 
number designates one of eight pixels (the zero-th to seventh pixels). 

Of registers R3 and R4, consider now only the zero-th byte BO and the second 
byte B2, each storing Y component. After data transfer from the register group RG4 to 
RG5, YO to Y3 are rotated so that YO moves to the original position of Yl, Yl moves to 

25 the original position of Y3, Y2 moves to the original position of YO, and Y3 moves to the 
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original position of Y2. As to Cb component and Cr component, in order not to disorder 
the array of Y, Cb, Y and Cr components, it is necessary that Cb component is disposed 
in the first byte Bl of each register, and Cr component is disposed in the third byte B3 of 
each register. Therefore;, CbO and Crl that are originally stored in the first byte Bl and 
the third byte B3 of the register R4, are copied directly to the register R3. Accordingly, 
it is apparent that the compound pixel data is rotated 90 degrees clockwise, by this 
conversion. This is true for the registers Rl and R2. 

As stated above, the second preferred embodiment is characterized in that, in 
the register groups RG4 and RG5, the storage regions having the same number of bits 
(one byte) as an image data serving as a unit, that is, each byte of the respective registers 
Rl to R4, are directly connected one another in the mentioned connection relationship. 
Thereby, a clockwise 90 degrees rotation, can be conducted by image data transfer 
between the register groups R4 and R5. As compared to the case that such processing is 
conducted in the CPU 24 by software, there is no need to covert the data length of each 
component data that composes a color as a unit, thereby the step of converting the data 
length and a data transfer therefor are not required. This enables to conduct the 
processing at a high speed and a low power consumption. 

Third Preferred Embodiment 

A third preferred embodiment has the same configuration as the first preferred 
embodiment shown in Fig. 1, except for a coprocessor 25. In the coprocessor 25, an 
image data provided from a CPU 24 is rotated 90 degrees counterclockwise. The 
construction and processing of the coprocessor 25 will be described as below. 

Fig. 8 is a diagram illustrating register groups of a coprocessor 25 and a 
connection between registers in these register groups. The coprocessor of the third 
preferred embodiment has register groups RG6 and RG7, each having the same 
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configuration as the register groups RG4 and RG5 in the second preferred embodiment. 
Like the second preferred embodiment, registers Rl, R2 and registers R3, R4 in the 
register groups RG6 and RG7, have totally the same connection relationship, and 
therefore, only the registers Rl and R2 are illustrated as a representative. 

In the third preferred embodiment, a compound pixel data (a video data) in 
which two pixels are expressed in 32 bits (for example, in arrangement of color 
components of "YCbYCr," each component is expressed in eight bits) is stored in 
registers Rl to R4 of the register groups RG6 and RG7. A compound pixel data handled 
herein is the same as that in the first preferred embodiment. In the respective registers 
Rl to R4 of the register groups RG6 and RG7, each component data is stored in storage 
regions (the zero-th to third bytes) which have the same number of bits as a one- 
component image data serving as a unit corresponding to a unit image signal of the 
invention (in the above example, Y, Cb or Cr component). 

The respective bytes of each register of the register groups RG6 and RG7 are 
directly and electrically connected one another by a predetermined connecting line. 
Specifically, the zero-th byte BO of the register Rl of the register group RG6 is connected 
to the second byte B2 of the register Rl of the register group RG7; the second byte B2 of 
the register Rl of the register group RG6 is connected to the second byte B2 of the 
register R2 of the register group RG7; the zero-th byte BO of the register R2 of the 
register group RG6 is connected to the zero-th byte BO of the register Rl of the register 
group RG7; the first byte Bl of the register R2 of the register group RG6 is connected to 
the first byte Bl of the register Rl of the register group RG7 and to the first byte Bl of 
the register R2 of the register group RG7; the second byte B2 of the register R2 of the 
register group RG6 is connected to the zero-th byte BO of the register R2 of the register 
group RG7; and the third byte B3 of the register R2 of the register group RG6 is 
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connected to the third byte B3 of the register Rl of the register group RG7 and to the 
third byte B3 of the register R2 of the register group RG7. 

Fig. 9 is a diagram illustrating a counterclockwise rotation processing by a 
coprocessor 25 in the third preferred embodiment. In the third preferred embodiment, a 
compound pixel data (a video data) similar to that in the second preferred embodiment, is 
rotated 90 degrees counterclockwise. Like the second preferred embodiment, of 
registers R3 and R4, consider now only the zero-th byte BO and the second byte B2, each 
storing Y component. It is apparent that after data transfer from the register group RG6 
to RG7, the compound pixel data is rotated 90 degrees counterclockwise. As to Cb 
component and Cr component, data is processed in the same manner as in the second 
preferred embodiment. This is true for the registers Rl and R2. 

As stated above, the third preferred embodiment is characterized in that, in the 
register groups RG6 and RG7, the storage regions having the same number of bits (one 
byte) as a one-component image data serving as a unit, that is, each byte of the respective 
registers Rl to R4, are directly connected one another in the mentioned connection 
relationship. Thereby, a counterclockwise 90 degrees rotation, can be conducted by 
image data transfer between the register groups R4 and R5. As compared to the case 
that such processing is conducted in the CPU 24 by software, there is no need to covert 
the data length of each component data as a unit, thereby the step of converting the data 
length and a data transfer therefor are not required. This enables to conduct the 
processing at a high speed and a low power consumption. 

Fourth Preferred Embodiment 

A fourth preferred embodiment has the same configuration as the first preferred 
embodiment shown in Fig. 1, except for a coprocessor 25. In the coprocessor 25, an 
image data provided from a CPU 24 is rotated 90 degrees clockwise in exactly the same 
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manner as in the second preferred embodiment, according to input of a predetermined 
clockwise rotation instruction. The construction and processing of the coprocessor 25 
will be described as below. 

Fig. 10 is a diagram illustrating schematically register groups of a coprocessor 
5 25 and a connection relationship between registers in these register groups, in the fourth 
preferred embodiment. The coprocessor of the fourth preferred embodiment has a 
register group RG8 comprising registers Rl to R4 similar to the register groups RG4 and 
RG5 in the second preferred embodiment. That is, there is provided only one register 
group. In Fig. 10, for the sake of convenience, two register groups RG8 are disposed in 
10 parallel. 

In the fourth preferred embodiment, a compound pixel data (a video data) in 
which two pixels are expressed in 32 bits (for example, in arrangement of color 
components of "YCbYCr," each component is expressed in eight bits) is stored in the 
registers Rl to R4 of the register group RG8. A compound pixel data handled herein is 

15 the same as that in the first preferred embodiment. In the respective registers Rl to R4 
of the register group RG8, each component data is stored in storage regions (the zero-th 
to third bytes) which have the same number of bits as a one-component image data 
serving as a unit corresponding to a unit image signal of the invention (in the above 
example, Y, Cb or Cr component). 

20 The respective bytes of the registers Rl and R2 of the register group RG8 are 

directly and electrically connected one another by a predetermined connecting line 
(corresponding to a clockwise rotation means in the invention), in the following manner. 
Like the second preferred embodiment, the registers Rl and R2, and registers R3 and R4, 
have totally the same connection relationship. Specifically, the zero-th byte BO of the 

25 register Rl is connected to the zero-th byte BO of the register R2; the second byte B2 of 
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the register Rl is connected to the zero-th byte BO of the register Rl; the zero-th byte BO 
of the register R2 is connected to the second byte B2 of the register R2; the first byte Bl 
of the register R2 is connected to the first byte Bl of the register Rl and to the first byte 
Bl of the register R2; the second byte B2 of the register R2 is connected to the second 
5 byte B2 of the register ELI; and the third byte B3 of the register R2 is connected to the 
third byte B3 of the register Rl and to the third byte B3 of the register R2. 

Each byte of the registers Rl to R4 of the register group RG8 can be switched 
by a selector (not shown) between input of an image data from the CPU 24, and input of 
an image data from the register group RG8. 

10 With the registers Rl and R2 (R3 and R4) connected in the mentioned manner, 

when an image data is read from the CPU 24, and the operator inputs a clockwise rotation 
instruction through an operation block, its signal is inputted to the selector, and then input 
of the register group RG8 is switched to input between the registers Rl to R4, thereby 
performing the image data transfer. Specifically, an image data is transferred and stored 

15 from the zero-th byte BO of the register Rl to the zero-th byte BO of the register R2; from 
the second byte B2 of the register Rl to the zero-th byte BO of the register Rl; from the 
zero-th byte BO of the register R2 to the second byte B2 of the register R2; from the first 
byte Bl of the register R2 to the first byte Bl of the register Rl and to the first byte Bl of 
the register R2; from the second byte B2 of the register R2 to the second byte B2 of the 

20 register Rl; and from the third byte B3 of the register R2 to the third byte B3 of the 
register Rl and to the third byte B3 of the register R2, respectively. 

Fig. 11 is a diagram illustrating a clockwise rotation processing by a 
coprocessor 25 in the fourth preferred embodiment. As shown in Fig. 11, a compound 
pixel data (a video data) in which two pixels are expressed in 32 bits (Y component, Cb 

25 component, Y component and Cr component are handled as a unit) is rotated 90 degrees 
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clockwise and then stored by the inter-register transfer as described, as in the second 
preferred embodiment. As apparent from the result, in the fourth preferred embodiment, 
the compound pixel data rotated 90 degrees clockwise is returned and stored in the same 
register group RG8. 

5 As stated above, the fourth preferred embodiment is characterized in that, in the 

register group RG8, the storage regions having the same number of bits (one byte) as a 
compound data serving as a unit, that is, each byte of the respective registers Rl to R4, 
are directly connected one another in the mentioned connection relationship. Thereby, 
according to input of a clockwise rotation instruction, a video data can be rotated 90 

10 degrees clockwise, by inter-byte transfer in the register Rl and R2, or R3 and R4. As 
compared to the case that such processing is conducted in the CPU 24 by software, there 
is no need to covert the data length of each component data as a unit, thereby the step of 
converting the data length and a data transfer therefor are not required. This enables to 
conduct the processing at a high speed and a low power consumption. 

15 Fifth Preferred Embodiment 

A fifth preferred embodiment has the same configuration as the first preferred 
embodiment shown in Fig. 1, except for a coprocessor 25. In the coprocessor 25, an 
image data provided from a CPU 24 is rotated 90 degrees counterclockwise in exactly the 
same manner as in the third preferred embodiment, according to input of a predetermined 

20 counterclockwise rotation instruction. The construction and processing of the 
coprocessor 25 will be described as below. 

Fig. 12 is a diagram illustrating schematically register groups of a coprocessor 
25 and a connection relationship between registers in these register groups, in the fifth 
preferred embodiment. The coprocessor of the fifth preferred embodiment has only a 

25 register group RG9 comprising registers Rl to R4 similar to the register group RG8 in the 
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fourth preferred embodiment. In Fig. 12, for the sake of convenience, two register 
groups RG9 are disposed in parallel. 

In the fifth preferred embodiment, a compound pixel data (a video data) in 
which two pixels are expressed in 32 bits (for example, in arrangement of color 
components of "YCbYCr," each component is expressed in eight bits) is stored in 
registers Rl to R4 of the register group RG9. A compound pixel data handled herein is 
the same as that in the first preferred embodiment. In the respective registers Rl to R4, 
each component data is stored in storage regions (the zero-th to third bytes) which have 
the same number of bits as a one-component image data serving as a unit corresponding 
to a unit image signal of the invention (in the above example, Y, Cb or Cr component). 

The respective bytes of the registers Rl and R2 of the register group RG9 are 
directly and electrically connected one another by a predetermined connecting line 
(corresponding to a clockwise rotation means in the invention), in the following manner. 
Like the third preferred embodiment, the registers Rl and R2, and registers R3 and R4, 
have totally the same connection relationship. Specifically, the zero-th byte BO of the 
register Rl is connected to the second byte B2 of the register Rl; the second byte B2 of 
the register Rl is connected to the second byte B2 of the register R2; the zero-th byte BO 
of the register R2 is connected to the zero-th byte BO of the register Rl; the first byte Bl 
of the register R2 is connected to the first byte Bl of the register Rl and to the first byte 
Bl of the register R2; the second byte B2 of the register R2 is connected to the zero-th 
byte BO of the register R2; and the third byte B3 of the register R2 is connected to the 
third byte B3 of the register Rl and to the third byte B3 of the register R2. There is also 
provided with a selector (not shown) which is similar to that in the fourth preferred 
embodiment. 

With the registers Rl and R2 (R3 and R4) connected in the mentioned manner, 
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when an image data is read from the CPU 24, and the operator inputs a counterclockwise 
rotation instruction through an operation button, its signal is inputted to the selector, and 
then input of the register group RG9 is switched to input among the registers Rl to R4, 
thereby performing the image data transfer. Specifically, an image data is transferred 
and stored from the zero-th byte BO of the register Rl to the second byte B2 of the 
register Rl; from the second byte B2 of the register Rl to the second byte B2 of the 
register R2; from the zero-th byte BO of the register R2 to the zero-th byte BO of the 
register Rl; from the first byte Bl of the register R2 to the first byte Bl of the register Rl 
and to the first byte Bl of the register R2; from the second byte B2 of the register R2 to 
the zero-th byte BO of the register R2; and from the third byte B3 of the register R2 to the 
third byte B3 of the register Rl and to the third byte B3 of the register R2, respectively. 

Fig. 13 is a diagram illustrating a counterclockwise rotation processing by a 
coprocessor 25 in the fifth preferred embodiment. As shown in Fig. 13, a compound 
pixel data (a video data) is rotated 90 degrees counterclockwise and then stored by the 
above-mentioned inter-register transfer, as in the third preferred embodiment. As 
apparent from the result, in the fifth preferred embodiment, the compound pixel data 
rotated 90 degrees counterclockwise is returned and stored in the same register group 
RG9. 

As stated above, the fifth preferred embodiment is characterized in that, in the 
register group RG8, the storage regions having the same number of bits (one byte) as a 
compound data serving as a unit, that is, each byte of the respective registers Rl to R4, 
are directly connected one another in the mentioned connection relationship. Thereby, 
according to input of a counterclockwise rotation instruction, an image data can be 
rotated 90 degrees counterclockwise by inter-byte transfer in the register Rl and R2, or 
R3 and R4. As compared to the case that such processing is conducted in the CPU 24 
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by software, there is no need to covert the data length of each component data as a unit, 
thereby the step of converting the data length and a data transfer therefor are not required. 
This enables to conduct the processing at a high speed and a low power consumption. 
Sixth Preferred Embodiment 
5 A sixth preferred embodiment has the same configuration as the first preferred 

embodiment shown in Fig. 1, except for a coprocessor 25. In the coprocessor 25, an 
image data provided from a CPU 24 is rotated 90 degrees clockwise in exactly the same 
manner as in the second preferred embodiment, according to input of a predetermined 
clockwise rotation instruction. The construction and processing of the coprocessor 25 

10 will be described as below. 

Fig. 14 is a diagram illustrating schematically registers of a coprocessor 25 and 
a connection therebetween, in the sixth preferred embodiment. The coprocessor of the 
sixth preferred embodiment has 32-bit registers Rl and R2 similar to the registers in the 
first to fifth preferred embodiments. 

15 In the sixth preferred embodiment, a compound pixel data (a video data) in 

which two pixels are expressed in 32 bits (for example, in arrangement of color 
components of "YCrYCb" or "YYCrCb," each component is expressed in eight bits) is 
stored in registers Rl and R2. A compound pixel data handled herein is the same as that 
in the first preferred embodiment. In the respective registers Rl and R2, each 

20 component data is stored in storage regions (the zero-th to third bytes) which have the 
same number of bits as a one-component image data serving as a unit corresponding to a 
unit image signal of the invention (in the above example, Y, Cb or Cr component). 

The respective bytes of the registers Rl and R2 are directly and electrically 
connected with each other by a predetermined connecting line in the following manner. 

25 Specifically, the zero-th byte BO of the register Rl is connected to the zero-th byte BO of 
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the register R2; the first byte Bl of the register Rl is connected to the second byte B2 of 
the register R2; the second byte B2 of the register Rl is connected to the first byte Bl of 
the register R2; and the ttiird byte B3 of the register Rl is connected to the third byte B3 
of the register R2. 

5 With this construction, the coprocessor 25 enables to convert a compound pixel 

data of a first arrangement of color components in which two pixels are expressed in 32 
bits, to a compound pixel data of a second arrangement of color components in which two 
pixels are expressed in 32 bits. For instance, it is easily understandable from Fig. 14 
that a compound pixel data (a video data) in a format of expressing "YYCrCb" as the first 
10 unit of arrangement of color components, can be converted to a compound pixel data (a 
video data) in a format of expressing "YCrYCb" as the second unit of arrangement of 
color components. 

In Fig. 14, the respective bytes of the registers Rl and R2 are connected in one- 
to-one correspondence, and therefore, the above-mentioned conversion of arrangement of 

15 color components is reversible. In the above example of video data, when the 
compound pixel data in the format of "YCrYCb" as the second unit of arrangement of 
color components, is inputted to the register R2 and then transferred to the register Rl, 
the compound pixel data in the format of "YYCrCb" as the first unit of arrangement of 
color components, can be fetched from the register Rl. 

20 As stated above, the sixth preferred embodiment is characterized in that, in the 

registers Rl and R2, the storage regions having the same number of bits (one byte) as a 
compound data serving as a unit, that is, each byte of the respective registers Rl and R2, 
are directly connected with each other in the mentioned connection relationship. 
Thereby, the format of arrangement of color components of video data can be conducted 

25 by inter-byte transfer in the register Rl and R2. As compared to the case that such 
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processing is conducted in the CPU 24 by software, there is no need to covert the data 
length of each component data as a unit, thereby the step of converting the data length 
and a data transfer therefor are not required. This enables to conduct the processing at a 
high speed and a low power consumption. 
5 Modifications 

While the first to sixth preferred embodiments illustrate coprocessors in digital 
still cameras and examples of image processing performed by the coprocessors, it should 
be understood that the present invention is not limited thereto. 

The first to sixth preferred embodiments are directed to a digital still camera as 
10 an image input apparatus, however, in other image input apparatuses such as digital video 
cameras, a coprocessor similar to that in these embodiments can be employed as a signal 
processing circuit. 

Although in the first to sixth preferred embodiments, a storage means of the 
invention is a register or register group, the invention is applicable to other storage media 
15 such as memory, e.g., SKAM and DRAM. 

In the first to sixth preferred embodiments, an 8-bit is used as the data length of 
an image data as a unit, and each register of the coprocessor 25 is a 32-bit register. 
However, multiple lengths of the data length of an image data as a unit, may be employed 
as a processing unit of the register. For example, a 16-bit is employed as the data length 
20 of an image data as a unit, and the coprocessor 25 performs processing with a 16-bit 
register. 

While in the sixth preferred embodiment, conversion of arrangement of color 
components is achieved by transferring a compound pixel data between the registers Rl 
and R2, a compound pixel data after conversion may be stored in the same register, as in 
25 the fourth and fifth preferred embodiments. Specifically, in the register Rl, the 
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following connections are made between the zero-th byte BO and the zero-th byte BO; 
between the first byte Bi and the second byte B2; between the second byte B2 and the 
first byte Bl; and between the third byte B3 and the third byte B3, and also a selector is 
provided which performs switching between input of an image data from the CPU 24, 
and transfer within the register Rl. This enables to reduce the capacity of the register. 

While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 
numerous modifications and variations can be devised without departing from the scope 
of the invention. 
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WHAT IS CLAIMED IS: 

1. A signal processing circuit in an image input apparatus which stores, in 
storage units of a main memory, a unit image signal in predetermined units that is 
5 obtained by an image pickup device and arranged in two dimensions, said signal 
processing circuit reading and processing said unit image signal stored in said main 
memory, 

said signal processing circuit, comprising: 

first and second storage means provided with a plurality of storage regions of 

10 the same number of bits as said unit image signal, 

wherein said storage regions of said first storage means and said storage regions 
of said second storage m eans are connected one another, such that an array of said unit 
image signal stored in said main memory is stored in said storage regions of said second 
storage means in a state of being rotated 90 degrees clockwise, alternatively, 90 degrees 

15 counterclockwise, through proceeding that said unit image signal stored in said main 
memory is transferred and stored in said storage regions of said first storage means, and 
then said unit image signal stored in said storage regions of said first storage means is 
transferred and stored in said storage regions of said second storage means. 

20 2. A signal processing circuit of an image input apparatus, comprising: 

first and second storage means provided with a plurality of storage regions of 
the same number of bits as a unit image signal in predetermined units that is obtained by 
an image pickup device in said image input apparatus and arranged in two dimensions, 

wherein said storage regions of said first storage means and said storage regions 
25 of said second storage means are directly connected one another by a predetermined 
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connecting line, such thai an array of said unit image signal stored in said storage regions 
of said first storage means is reflected about a centerline of said array, to be stored in said 
storage regions of said second storage means. 

5 3. A signal processing circuit of an image input apparatus, comprising: 

first and second register groups provided with a plurality of storage regions of 
the same number of bits as a unit image signal in predetermined units that is obtained by 
an image pickup device in said image input apparatus and arranged in two dimensions, 
said first and second register groups having first to fourth registers, respectively, said first 
10 to fourth registers having zero-th to third storage regions, respectively, 

wherein said zero-th storage regions of said first to fourth registers of said first 
register group are connected directly, by a predetermined connecting line, to said zero-th 
to third storage regions of said fourth register of said second register group; 

said first storage regions of said first to fourth registers of said first register 
15 group are connected directly, by a predetermined connecting line, to said zero-th to third 
storage regions of said third register of said second register group; 

said second storage regions of said first to fourth registers of said first register 
group are connected directly, by a predetermined connecting line, to said zero-th to third 
storage regions of said second register of said second register group; and 
20 said third storage regions of said first to fourth registers of said first register 

group are connected directly, by a predetermined connecting line, to said zero-th to third 
storage regions of said first register of said second register group. 

4. The signal processing circuit of an image input apparatus according to 
25 claim 3, further comprising: 
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a third register group having first to fourth registers which are respectively 
provided with zero-th to third storage regions of the same number of bits as a unit image 
signal in predetermined units arranged in two dimensions, 

wherein said zero-th to third storage regions of said first register of said second 
5 register group are connected directly, by a predetermined connecting line, to said third to 
zero-th storage regions of said first register of said third register group, respectively; 

said zero-th to third storage regions of said second register of said second 
register group are connected directly, by a predetermined connecting line, to said third to 
zero-th storage regions of said second register of said third register group, respectively; 
10 said zero-th to third storage regions of said third register of said second register 

group are connected directly, by a predetermined connecting line, to said third to zero-th 
storage regions of said third register of said third register group, respectively; and 

said zero-th to third storage regions of said fourth register of said second 
register group are connected directly, by a predetermined connecting line, to said third to 
15 zero-th storage regions of said fourth register of said third register group, respectively. 



5. A signal processing circuit of an image input apparatus, comprising: 
second and third register groups provided with a plurality of storage regions of 
the same number of bits as a unit image signal in predetermined units that is obtained by 
20 an image pickup device in said image input apparatus and arranged in two dimensions, 
said second and third register groups having first to fourth registers, said first to fourth 
registers having zero-th to third storage regions, 

wherein said zero-th to third storage regions of said first register of said second 
register group are connected directly, by a predetermined connecting line, to said third to 
25 zero-th storage regions of said first register of said third register group, respectively; 
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said zero-th to third storage regions of said second register of said second 
register group are connected directly, by a predetermined connecting line, to said third to 
zero-th storage regions of said second register of said third register group, respectively; 

said zero-th to third storage regions of said third register of said second register 
5 group are connected directly, by a predetermined connecting line, to said third to zero-th 
storage regions of said third register of said third register group, respectively; and 

said zero-th to third storage regions of said fourth register of said second 
register group are connected directly, by a predetermined connecting line, to said third to 
zero-th storage regions of said fourth register of said third register group, respectively. 

10 

6. A signal processing circuit of an image input apparatus, comprising: 
first and second storage means provided with a plurality of storage regions of 
the same number of bits as a unit image signal in predetermined units that is obtained by 
an image pickup device in said image input apparatus and arranged in two dimensions, 
15 wherein said unit image signal is one of a plurality of components forming a 

predetermined unit of arrangement of color components; and 

said storage regions of said first storage means and said storage regions of said 
second storage means are directly connected one another by a predetermined connecting 
line, such that an array of said unit image signal stored in said storage regions of said first 
20 storage means is stored in said storage regions of said second storage means, along with a 
rotation conversion in which an array of said unit image signal stored in said storage 
regions of said first storage means is rotated 90 degrees clockwise, alternatively, 90 
degrees counterclockwise, while maintaining said unit of arrangement of color 
components. 

25 
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7. The signal processing circuit of an image input apparatus according to 
claim 6, wherein 

said rotation conversion is to perform only a clockwise 90 degrees rotation; 

said unit of anangement of color components is composed of one brightness 
5 component and two color components of which frequency in the horizontal or vertical 
allocation is one-half the frequency in the horizontal or vertical allocation of said 
brightness component; and 

a first register group is provided as said first storage means, and a second 
register group is provided as said second storage means, each of said first and second 
10 register groups having first and second registers, each of said first and second registers 
having zero-th to third storage regions storing said brightness component and said two 
color components; 

and wherein said zero-th storage region of said first register of said first register 
group is connected directly, by a predetermined connecting line, to said zero-th storage 
15 region of said second register of said second register group; 

said second storage region of said first register of said first register group is 
connected directly, by a predetermined connecting line, to said zero-th storage region of 
said first register of said second register group; 

said zero-th storage region of said second register of said first register group is 
20 connected directly, by a predetermined connecting line, to said second storage region of 
said second register of sai d second register group; 

said first storage region of said second register of said first register group is 
connected directly, by a predetermined connecting line, to said first storage region of said 
first register of said second register group and to said first storage region of said second 
25 register of said second register group; 
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said second storage region of said second register of said first register group is 
connected directly, by a predetermined connecting line, to said second storage region of 
said first register of said second register group; and 

said third storage region of said second register of said first register group is 
5 connected directly, by a predetermined connecting line, to said third storage region of said 
first register of said second register group and to said third storage region of said second 
register of said second register group. 

8. The signal processing circuit of an image input apparatus according to 
10 claim 6, wherein 

said rotation conversion is to perform only a counterclockwise 90 degrees 

rotation; 

said unit of arrangement of color components is composed of one brightness 
component and two color components of which frequency in the horizontal or vertical 
15 allocation is one-half the frequency in the horizontal or vertical allocation of said 
brightness component; and 

first register group is provided as said first storage means, and second register 
group is provided as said second storage means, each of said first and second register 
groups having the first and second registers, each of said first and second registers having 
20 zero-th to third storage regions storing said brightness component and said two color 
components; 

and wherein said zero-th storage region of said first register of said first register 
group is connected directly, by a predetermined connecting line, to said second storage 
region of said first register of said second register group; 
25 said second storage region of said first register of said first register group is 
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connected directly, by a predetermined connecting line, to said second storage region of 
said second register of said second register group; 

said zero-th storage region of said second register of said first register group is 
connected directly, by a predetermined connecting line, to said zero-th storage region of 
5 said first register of said second register group; 

said first storage region of said second register of said first register group is 
connected directly, by a predetermined connecting line, to said first storage region of said 
first register of said second register group and to said first storage region of said second 
register of said second register group; 
10 said second storage region of said second register of said first register group is 

connected directly, by a predetermined connecting line, to said zero-th storage region of 
said second register of said second register group; and 

said third storage region of said second register of said first register group is 
connected directly, by a predetermined connecting line, to said third storage region of said 
15 first register of said second register group and to said third storage region of said second 
register of said second register group. 

9. A signal processing circuit of an image input apparatus, comprising: 
storage means provided with a plurality of storage regions of the same number 
20 of bits as a unit image signal in predetermined units that is obtained by an image pickup 
device in said image input apparatus and arranged in two dimensions, said unit image 
signal being one of a plurality of components forming a predetermined unit of 
arrangement of color components; and 

clockwise rotation means with which, in response to input of a predetermined 
25 clockwise rotation instruction signal, an array of a unit image signal that is stored in said 



44 

storage regions of said storage means is rotated 90 degrees clockwise, while maintaining 
said unit of arrangement of color components, and then stored in said storage regions of 
said storage means. 

10. The signal processing circuit of an image input apparatus according to 
claim 9, wherein 

said unit of arrangement of color components is composed of one brightness 
component and two color components of which frequency in the horizontal or vertical 
allocation is one-half the frequency in the horizontal or vertical allocation of said 
brightness component; and 

a register group is provided as said storage means, said register group having 
first and second registers, each of said first and second registers having zero-th to third 
storage regions storing said brightness component and said two color components; 

and wherein in response to input of said clockwise rotation instruction signal, 
with said clockwise rotation means, 

a unit image signal in said zero-th storage region of said first register is stored 
in said zero-th storage region of said second register; 

a unit image signal in said second storage region of said first register is stored 
in said zero-th storage region of said first register; 

a unit image signal in said zero-th storage region of said second register is 
stored in said second storage region of said second register; 

a unit image signal in said first storage region of said second register is stored 
in said first storage region of said first register and said first storage region of said second 
register; 

a unit image signal in said second storage region of said second register is 
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stored in said second storage region of said first register; and 

a unit image signal in said third storage region of said second register is stored 
in said third storage region of said first register and said third storage region of said 
second register. 

11. A signal processing circuit of an image input apparatus, comprising: 

storage means provided with a plurality of storage regions of the same number 
of bits as a unit image signal in predetermined units that is obtained by an image pickup 
device in said image input apparatus and arranged in two dimensions, 

wherein said unit image signal is one of a plurality of components forming a 
predetermined unit of arrangement of color components; and 

counterclockwise rotation means with which, in response to input of a 
predetermined counterclockwise rotation instruction signal, an array of a unit image 
signal that is stored in said storage regions of said storage means is rotated 90 degrees 
counterclockwise, while maintaining said unit of arrangement of color components, and 
then stored in said storage regions of said storage means. 

12. The signal processing circuit of an image input apparatus according to 
claim 11, wherein 

said unit of arrangement of color components is composed of one brightness 
component and two color components of which frequency in the horizontal or vertical 
allocation is one-half the frequency in the horizontal or vertical allocation of said 
brightness component; and 

a register group is provided as said storage means, said register group having 
first and second registers, each of said first and second registers having zero-th to third 



46 

storage regions storing said brightness component and said two color components; 

and wherein in response to input of said counterclockwise rotation instruction 
signal, with said counterclockwise rotation means; 

a unit image signal in said zero-th storage region of said first register is stored 
in said second storage region of said first register; 

a unit image signal in said second storage region of said first register is stored 
in said second storage region of said second register; 

a unit image signal in said zero-th storage region of said second register is 
stored in said zero-th storage region of said first register; 

a unit image signal in said first storage region of said second register is stored 
in said first storage region of said first register and said first storage region of said second 
register; 

a unit image signal in said second storage region of said second register is 
stored in said zero-th storage region of said second register; and 

a unit image signal in said third storage region of said second register is stored 
in said third storage region of said first register and said third storage region of said 
second register. 

13. A signal processing circuit of an image input apparatus, comprising: 

first and second storage means provided with a plurality of storage regions of 
the same number of bits as a unit image signal in predetermined units that is obtained by 
an image pickup device in said image input apparatus and arranged in two dimensions, 

wherein said unit image signal is one of a plurality of components forming a 
predetermined unit of arrangement of color components; and 

said storage regions of said first storage means and said storage regions of said 
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second storage means are; directly connected one another by a predetermined connecting 
line, such that each of unit image signals stored in said storage regions in order to form a 
first unit of arrangement of color components in said first storage means, is converted to a 
second unit of arrangement of color components, and then stored in said storage regions 
5 of said second storage means. 

14. The signal processing circuit of an image input apparatus according to 
claim 13, wherein 

said first and second unit of arrangement of color components are composed of 
10 one brightness component and two color components of which frequency in the 
horizontal or vertical allocation is one-half the frequency in the horizontal or vertical 
allocation of said brightness component; and 

a first register is provided as said first storage means, and a second register is 
provided as said second storage means, each of said first and second registers having the 
15 zero-th to third storage regions storing said brightness component and said two color 
components; 

and wherein said zero-th storage region of said first register is connected 
directly to said zero-th storage region of said second register by a predetermined 
connecting line; 

20 said first storage region of said first register is connected directly to said second 

storage region of said second register by a predetermined connecting line; 

said second storage region of said first register is connected directly to said first 
storage region of said second register by a predetermined connecting line; and 

said third storage region of said first register is connected directly to said third 
25 storage region of said second register by a predetermined connecting line. 
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ABSTRACT OF THE DISCLOSURE 

A signal processing circuit is provided which can perform high-speed image 
rotation, reflection, and the like, by such a configuration that an image input apparatus, 
5 e.g., a digital still camera, has a coprocessor connected to a CPU; the coprocessor has 
register groups (RG1 to RG4) which are electrically connected one another, each register 
group having registers (Rl to R4) of 32 bits length; and the registers (Rl to R4) store a 
one-byte image data in the zero-th to third bytes, respectively. When an image data read 
from the CPU to the register group (RG3) is transferred to the register group (RG1) 
10 through the register group (RG2), the image can be rotated 90 degrees counterclockwise. 
Also, other processing such as a clockwise 90 degrees rotation, symmetrical reflection in 
horizontal direction, etc. can be conducted at a high speed, without converting the data 
length of an image data. 
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Japanese Language Declaration 




Hat 




As a below named inventor, 1 hereby declare that: 




My residence, post office address and citizenship are as stated 




next to my name. 




1 believe 1 am the original, first and sole inventor (if only one 




name is listed below) or an original, first and joint inventor (if 




plural names are listed below) of the subject matter which is 




claimed and for which a patent is sought on the invention 


Ui 


entitled. 




SIGNAL PROCESSING CIRCUIT OF IMAGE INPUT 




APPARATUS 






the specification of which 




E is attached hereto. 




□ was filed on 




as United States Application Number or 




PCT International Application Number 




and was amended on 




(if applicable*. 




1 hereby state that 1 have reviewed and understand the 


£S8? L T ^ £ C £ & C C tciSBJ! L J: 1\ 


contents of the above identified specification, including the 




claims, as amended by any amendment referred to above. 


3«»aaiiS*S37limi*5SStcS»S*i,*4:istl, #fF 


1 acknowledge the duty to disclose information which is material 




to patentability as defined in Title 37, Code of Federal 




Regulations, Section 1.56. 
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Prior Foreign Application^) 
PI 1 -035703 .TAPAN 



(Country) 



(Country) 



(Application No.) 



(Rling Date) 
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(Application No.) 
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(Application No.) 



(Filing Date) 
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(Filing Date) 
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I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 



February 15, 1999 
(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



Priority Claimed 

a □ 

No 



□ 
Yes 
(it* 



□ 
No 



I hereby claim the benefit under Title 35, United States Code, 
Section 1 1 9(e) of any United States provisional application^) listed 
below. 



(Application No.) 



(Filing Date) 
(iBBB) 



I hereby claim the benefit under Trtle 35, United States Code, Section 
120 of any United States application(s), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 

(Status: Patented, Pending, Abandoned) 

(mm : ftmvfssm. mm*. &mm) 

(Status: Patented, Pending, Abandoned) 

mm ftwtvfnim. mmm) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 



Norman F. Obion, Registration Number 24,618; Mar/in J. Spivak, Registration Number 24,913; C. Irvin McClelland, Registration Number 21,124; Gregory J. 
Maier, Registration Number 25,599; Arthur I. Neustadt, Registration Number 24,854; Richard D. Kelly, Registration Number 27,757; James D. Hamilton, 
Registration Number 28,421; Eckhard H. Kuesters, Registration Number 29,870; Robert T. Pous, Registration Number 29,099; Charles L Gholz, Registration 
Number 26,395; Vincent J. Sunderdick, Registration Number 29,004; William E. Beaumont, Registration Number 30,996; Steven B. Kelber, Registration 
Number 30,073; Robert F. Gnuse, Registration Numoer 27,295; Jean-Paul Lavalleye, Registration Number 31 ,451 ; Stephen G. Baxter, Registration Number 
32,884; Martin M. ZoltJck, Registration Number 35.74I5; Robert W. Hahl, Registration Number 33,893; Richard L Treanor, Registration Number 36,379; Steven 
P. Weihrouch, Registration Number 32,829; John T. Goolkasian, Registration Number 26,142; Marc R. Labgold, Registration Number 34,651; William J. 
Healey, Registration Number 36,160; Richard l_ Chinn, Registration Number 34,305; Steven E. Lipman, Registration Number 30,011; Carl E. Schlier, 
Registration Number 34,426; James J. Kulbaski, Registration Number 34,648; Catherine B. Richardson, Registration Number 39,007; Richard A Neifeld, 
Registration Number 35,299; and J. Derek Mason, Rtsgistration Number 35,270; with full powers of substitution and revocation. 



S^Sjelftft Send Correspondence to: 

OBLON, SPIVAK. McCLELLAND, MAIER & NEUSTADT, P.C. 
FOURTH FLOOR 
1755 JEFFERSON DAVIS HIGHWAY 
ARLINGTON, VIRGINIA 22202 U.SA 





Direct Telephone Calls to: (name and telephone number) 
(703)413-3000 






Full name of sole or first inventor 

Gen SASAKI 




Inventor's signature^- , Date 

f^h^^^A^ 'fkk 7 , low 


- &m 


Residence OSAKA, JAPAN 


mm 


Citizenship JAPAN 


; ; nkwm 


Post Office Address 
c/o MEGA CHIPS CORPORATION, 5-36 
Miyahara 4-chcme, Yodogawa-ku, Osaka-shi, 
OSAKA 532-0003 JAPAN 




Full name of second joint inventor, if any 




Second Inventor's signature Date 


&m 


Residence 


mm 


Citizenship 




Post Office Address 




(Supply similar information and signature for third and subsequent 



joint inventors.) 
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